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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives
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ent rights. ISO shall not be held responsible for identifying any or all suchy patent rights
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committee responsible for this document is\ISO/TC 43, Acoustics, Subcommittee SC
IStics.

5 first edition of ISO 16283-2 cancels andreplaces [SO 140-7:1998 and SO 140-14:2004,
h technically revised.

16283 consists of the following parts, under the general title Acoustics — Field mea
nd insulation in buildings and ef building elements:

Part 1: Airborne sound ipsulation
Part 2: Impact sound-\insulation

Part 3: Fagade-sound insulation
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Introduction

ISO 16283 (all parts) describes procedures for field measurements of sound insulation in buildings.
Airborne, impact and fagcade sound insulation are described in ISO 16283-1, ISO 16283-2 and
ISO 16283-3, respectively.

Field sound insulation measurements that were described previously in ISO 140-4, ISO 140-5, and
ISO 140-7 were a) primarily intended for measurements where the sound field could be considered
to be diffuse, and b) not explicit as to whether operators could be present in the rooms during the
measurement. ISO 16283 (all parts) differs from ISO 140-4, ISO 140-5, and ISO 140-7 in that a) it applies
to rooms i which the sound field might, or might not approximate to a diffuse field, b) it clarifies how
operators fan measure the sound field using a hand-held microphone or sound level meter.and’f) it
includes additional guidance that was previously contained in ISO 140-14.

NOTE Jurvey test methods for field measurements of airborne and impact sound insulation/are dealt yith
in ISO 1005.
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Acoustics — Field measurement of sound insulation in
buildings and of building elements —

Part 2:
Impact sound insulation

1
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Scope

5 part of ISO 16283 specifies procedures to determine the impact sound insulation u
Esure measurements with an impact source operating on a floor or stairs-in a build
cedures are intended for room volumes in the range from 10 m3 to 250qu%in the frequ

ation in unfurnished or furnished rooms where the sound field might} or might not app

|
a di:Efuse field.

impact sources are described: the tapping machine and thé rubber ball. These impact
exactly replicate all possible types of real impacts on floors or stairs in buildings.
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tapping machine can be used to assess a variety of\light, hard impacts such as foot
ers wearing hard-heeled footwear or dropped objects. A single number quantity can be

!
g the rating procedures in ISO 717-2. This single number quantity links the measu
hd insulation using the tapping machine to subjective assessment of general impacts inn dwellings

occur on floors or stairs in a building. Thertapping machine is also well-suited to the
mpact sound insulation using ISO 15712-2:These two aspects facilitate the specificatio
hd insulation in national building requitements using only measurements with the tappil
n impact source.

rubber ball can be used to assess’heavy, soft impacts such as from walkers in bare feet

jumlping, as well as quantifying‘absolute values that can be related to human disturbance

a Fa
nun

Ist time-weighted maximum sound pressure level. At present, calculation procedures f
\ber quantity do not cufrently exist in an ISO Standard.

5ing sound
ing. These
Pncy range

50 Hz to 5 000 Hz. The test results can be used to quantify, assess and\compare the imjpact sound

oximate to

sources do

Kteps from
calculated
red impact

prediction
L of impact
1g machine

br children
n terms of
or a single

2 |Normative references

The following decuments, in whole or in part, are normatively referenced in this documgnt and are
indispensableyto its application. For dated references, only the edition cited applies. F¢r undated
refgrences;-the latest edition of the referenced document (including any amendments) appligs.
1SO|717-2, Acoustics — Rating of sound insulation in buildings and of building elements — Pant 2: Impact
Soukrd-HrstHHation

ISO 3382-2, Acoustics — Measurement of room acoustic parameters — Part 2: Reverberation time in
ordinary rooms

ISO 12999-1, Acoustics — Determination and application of measurement uncertainties in building
acoustics — Part 1: Sound insulation

ISO 18233, Acoustics — Application of new measurement methods in building and room acoustics

IEC

60942, Electroacoustics — Sound calibrators

IEC 61183, Electroacoustics — Random-incidence and diffuse-field calibration of sound level meters

IEC

61260, Electroacoustics — Octave-band and fractional-octave-band filters
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[EC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

3 Term

s and definitions

For the purposes of this document, the following terms and definitions apply

3.1

energy-average impact sound pressure level in a room

L

ten times the common logarithm of the ratio of the space and time average of the squared sound

pressure t§ the square of the reference sound pressure where the impact source 1s the tapping machine
and the sppce average is taken over the central zone of the room where nearfield radiation from
room bounldaries has negligible influence

Note1toe

3.2
corner im
Li,Corner
ten times t
the set of
range (50 |

ry: Lj is expressed in decibels.

pact sound pressure level in a room

he common logarithm of the ratio of the highest time average squared sound pressure f
orner measurements to the square of the reference sound pressure for the low-frequd

Note 1 to enftry: Li,corner is expressed in decibels.

3.3
low-frequ
LiLF

ten times

bnCy energy-average impact sound pressure level in a room

pressure t

the common logarithm of the ratio of thespace and time average of the squared so
the square of the reference sound pressure in the low-frequency range (50 Hz, 63 Hz,

80 Hz onethird octave bands) where the impact.source is the tapping machine and the space aver
is a weighted average that is calculated using'the room corners where the sound pressure levels
highest and the central zone of the room, where nearfield radiation from the room boundaries
negligible influence

Note 1 to entry: Lj Lr is expressed in decibels.

Note2toe

3.4
energy-av
Li,Fmax
ten times
pressure v
source is f
nearfield r

ry: Li Lr is an estimate-ef the energy-average sound pressure level for the entire room volume.

prage maximum-impact sound pressure level in a room

the

fom
ncy

1z, 63 Hz, and 80 Hz one-third octave bands) where the impact source is the tapping macline

und
and
age
are
has

the common logarithm of the ratio of the space average of the squared maximum so

hdiation from the room boundaries has negligible influence

nd

hith Fast.time weighting to the square of the reference sound pressure where the impact
he rubber ball and the space average is taken over the central zone of the room where

Note 1 to entry: Lj Fmax is expressed in decibels.

3.5

reverberation time

T

time required for the sound pressure level in a room to decrease by 60 dB after the sound source has

stopped

Note 1 to entry: T is expressed in seconds.

3.6

background noise level
measured sound pressure level in the receiving room from all sources except the impact source

© ISO 2015 - All rights reserved
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3.7
fixed microphone
microphone that is fixed in space by using a device such as a tripod so that it is stationary

3.8

mechanized continuously moving microphone

microphone that is mechanically moved with approximately constant angular speed in a circle, or is
mechanically swept along a circular path where the angle of rotation about a fixed axis is between
270° and 360°

3.9

mahually scanned microphone
microphone attached to a hand-held sound level meter or an extension rod that is movedjy a human
opefrator along a prescribed path

3.1

mahually held microphone
microphone attached to a hand-held sound level meter or a rod that is hand-held at a fixed p¢sition by a
human operator at a distance at least an arm’s length from the trunk of the operator’s body

31
parjtition
totdl surface of the floor or stair which is excited by the impactSource

Notg 1 to entry: For two rooms which are staggered vertically or horizontally, the total suiface of the
sep4rating partition is not visible from both sides of the partition; hence it is necessary to define the partition
as the total surface.

3.12
compmon partition
parf of the floor or stair that is common to bath the room in which the impact source is uged and the
rece¢iving room

3.18
stapdardized impact sound pressure level
LnT|
impact sound pressure level, L ¥educed by a correction term which is given in decibels, being ten times
the common logarithm of thie ratio of the measured reverberation time, 7, to the reference reyerberation
timg, To, which is calculated using Formula (1) when the impact source is the tapping machine:

' T
L, =L;—10lg—= (D

To

whére

T «is'the reverberation time in the receiving room;

L al H 4] £, 1 b b £ | 1l. Leal ratl
() IS UIT ITITICTIILT T TVCI UCTT AUIUIT ULIITIT, TUIL uvvcuulso, IQ)-—Y,95.5.
Note 1 to entry: Ly is expressed in decibels.

Note 2 to entry: The impact sound pressure level is referenced to a reverberation time of 0,5 s because in
dwellings with furniture the reverberation time has been found to be reasonably independent of volume and

frequency and to be approximately equal to 0,5 s.

Note 3 to entry: L7 provides a straightforward link to the subjective impression of impact sound insulation.
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3.14

normalized impact sound pressure level

Ln

impact sound pressure level, L;, increased by a correction term which is given in decibels, being ten
times the common logarithm of the ratio between the measured equivalent absorption area, 4, of the
receiving room and the reference equivalent absorption area, Ag, which is calculated using Formula (2)
when the impact source is the tapping machine:

L =L,+10lg (2)
4y

where
A isthe equivalent absorption area in the receiving room;
Ao is the reference equivalent absorption area; for dwellings, Ag = 10 mZ2.
Note 1 to entry: L, is expressed in decibels.

3.15
standardiged maximum impact sound pressure level
L' Fmax,V.T
maximum [impact sound pressure level, Lj rmax, increased by a correction term for room volume pnd
reduced by a correction term for reverberation time and Fast time weighting which is calculated using
Formulae (|3), (4) and (5) when the impact source is the rubber ball:

1oyt o ict)”

' 14 1-¢ot| ¢ i
Lipmaxpy 1 =Lipmax +101g7~—101g =) — (3)
O e P e
Co —Co
T
Co=—F0 4
0" 19275 )
T
C=—14— 5
1.7275 (5)
where

T isthe reverberationtime in the receiving room;
To is the reference‘reverberation time; for dwellings, Tp = 0,5 s;
V'  isthe receiving room volume, in cubic metres;

Vo is theyeference receiving room volume; for dwellings, Vo = 50 m3.

Note 1 to entry: L'i_FmaX_VTis expressed in decibels.
Note 2 to entry: Background information can be found in Reference [15].

3.16

equivalent absorption area

A

hypothetical area of a totally absorbing surface without diffraction effects which, if it were the only
absorbing element in the room, would give the same reverberation time as the room under consideration
and is calculated using Sabine’s formula in Formula (6):

0,16V
T

A (6)
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where

V' isthe receiving room volume, in cubic metres;

T isthereverberation time in the receiving room.

Note 1 to entry: A is expressed in square metres.

4

4.1
The

winldscreen(s), recording devices and other accessories, if used, shall meet the requirement;

0 or
Filt

Thd
ISO

The

4.2

Att
of e
mol
in 4
wit

adjystment, the difference between the readings of two consecutive checks shall be less

0,5
che

4.3

Compliance of the sound~pressure level measuring instrument, the filters and the sound

wit
If a
IEC
nat
trag

NOT
be

reqb
filter set with t

5

5.1

Instrumentation

General

instruments for measuring sound pressure levels, including microphone(s) asywell

1 instrument in accordance with IEC 61672-1 for random incidence applicatios.
brs shall meet the requirements for a class 0 or 1 instrument in accordan¢e ‘with IEC 612

reverberation time measurement equipment shall comply with| the requirements
3382-2.

impact sources shall meet the requirements given in Annex/A.

Calibration

he beginning and at the end of every measurementsession and at least at the beginning ¢
hch measurement day, the entire sound pressuréilevel measuring system shall be checke
e frequencies by means of a sound calibrator meeting the requirements for a class 0 or 1
ccordance with IEC 60942. Each time the.calibrator is used, the sound pressure level
h the calibrator should be noted in the-field documentation of the operator. Without 4

dB. If this value is exceeded, the results of measurements obtained after the previous ¢
Ck shall be discarded.

Verification

h the relevant requirements shall be verified by the existence of a valid certificate of ¢
pplicable, random;incidence response of the microphone shall be verified by a procd
61183. All compliance testing shall be conducted by a laboratory being accredited orj

eability £oythe appropriate measurement standards.

E Unless national regulations dictate otherwise, it is recommended that the soung

hs cable(s),
for a class

0.

defined in

nd the end
d at one or
nstrument
measured
ny further
br equal to
atisfactory

calibrator
ompliance.
dure from
otherwise

onally authorized to perform the relevant tests and calibrations and ensuring metrological

calibrator
m with the

alibrated at intervals not exceeding one year, the compliance of the instrumentation syste

he requirements of IEC 61260 should be verified at intervals not exceeding two years.

Frequency range

Tapping machine as the impact source

iance of the

All quantities shall be measured using one-third octave band filters having at least the following centre
frequencies, in hertz:

100, 125, 160, 200, 250, 315, 400, 500, 630, 800, 1 000, 1 250, 1 600, 2 000, 2 500, 3 150
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If additional information in the low-frequency range is required, use one-third octave band filters with
the following centre frequencies, in hertz:

50,63, 80

If additional information in the high-frequency range is required, use one-third octave band filters with
the following centre frequencies, in hertz:

4000,5000

NOTE Measurement of additional information in the low- and high-frequency ranges is optional.

5.2 Rubper ball as the impact source
All quantitjes shall be measured using one-third octave or octave band filters.

One-third ¢ctave band filters shall have at least the following centre frequencies, in heftz:

50, 63, 80, [L00, 125, 160, 200, 250, 315, 400, 500, 630

6 General

Determinafon of the impact sound insulation in accordance to this part.of ISO 16283 requires thatjone
room is ch¢sen as the receiving room into which sound is radiated due‘to an impact source operating on
a partition| The room or space in which the impact source is operated is referred to as the source room.

The measurements that are required include the sound pressure levels in the receiving room with{the
impact source operating, the background noise levels in the-receiving room when the impact sourge is
switched off and the reverberation times in the receivingiroom.

Two impacf sources are described: the tapping machine and the rubber ball.

Two measfirement procedures are described-that shall be used for the sound pressure level,|the
reverberatjon time and the background noise; a default procedure and an additional low-frequgncy
procedure

For the soynd pressure level and the background noise, the default procedure requires measurements
to be takep in the central zone of)a room at positions away from the room boundaries. With|the
tapping mgchine as the impact Source, the default procedure for all frequencies is to obtain the enefgy-
average sound pressure levelising a fixed microphone or a manually-held microphone moved ffom
one positign to another, an.array of fixed microphones, a mechanized continuously moving microphone
or a manuglly scanned/mierophone. With the rubber ball as the impact source, the default procedure
for all frequencies is_to-obtain the energy-average sound pressure level using a fixed microphone pr a
manually-held mictephone moved from one position to another or an array of fixed microphones.

For the soynd/pressure level and the background noise with the tapping machine as the impact soufrce,
the low-fr¢quency procedure shall be used for the 50 Hz, 63 Hz, and 80 Hz one-third octave bands
in the receiving room when its volume is smaller than 25 m3 (calculated to the nearest cubic metre).
This procedure should be carried out in addition to the default procedure and requires additional
measurements of the sound pressure level in the corners of the receiving room using either a fixed
microphone or a manually-held microphone.

NOTE1 The low-frequency procedure is necessary in small rooms due to large spatial variations in the
sound pressure level of the modal sound field. In these situations, corner measurements are used to improve the
repeatability, reproducibility and relevance to room occupants.

NOTE 2  The low-frequency procedure is not used with the rubber ball because no link has yet been shown
between any combination of measurements from the corners and central zone of a room for the maximum Fast
time-weighted sound pressure level and the maximum Fast time-weighted sound pressure level that is spatially
averaged over the entire room volume.

6 © IS0 2015 - All rights reserved
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NOTE 3  Ifnecessary to avoid hearing damage, hearing protection is worn by the operator when measuring the
sound pressure level in the source room and, if necessary, when measuring reverberation times in the receiving
room. When measuring sound pressure levels in the receiving room that will not cause hearing damage it is
advisable to remove any hearing protection so that the operator is aware of short external noise events that
could invalidate the measurement as well as helping the operator to minimize self-generated noise.

For the reverberation time, the low-frequency procedure shall be used for the 50 Hz, 63 Hz, and 80 Hz
one-third octave bands in the receiving room when its volume is smaller than 25 m3 (calculated to the
nearest cubic metre).

If using methods of signal processing for reverberation times described in ISO 18233, the measurements
sha ly-moving
mic

1.1 HPRA | 4= - £ pa | - 1 | 1 1l 4= 1 - | de.
UT LAITICTU UUl USIITg TTATU TITICTUPIIUIICTS dIIU SIH4AIT TITUT UST 4 HITUIIAIITZTU CUTITITTUU U]

rophone, manually-held microphone or a manually-scanned microphone.

The
fred
med
diffi
by t

sound fields in typical rooms will rarely approximate to a diffuse sound field over|the entire
juency range from 50 Hz to 5000 Hz. The default and low-frequency proeedures allow for
isurements to be taken without any knowledge as to whether the sound field-can be copsidered as
use or non-diffuse. For this reason, the sound field should not be modified for the purposg¢ of the test
emporarily introducing additional furniture or diffusers into the receiving room.

NOTE 4

or Y
intr

All
In d
ope

NOT

7.1

Soulnd pressure level measurements shall be used to determine the average level in the cent

the
roo

7.2

7.2
The

If measurements with additional diffusion are required, for example due to regulatory r¢g
ecause the test result is to be compared with a laboratory measukrement on a similar test ¢
bduction of three diffusers will usually be sufficient each with an area’of at least 1,0 m2.

measurement methods for the default procedure or the)low-frequency procedure are
ase of dispute, the impact sound insulation determined using measurement methods
rator inside the receiving room shall be taken to be the'reference result.

E5 A reference result is defined because the background noise level with manual scanning
ation in the self-generated noise from the operator. Significant variation does not tend to occu
fophones or a mechanized continuously-moving‘microphone.

Default procedure for soundpressure level measurement

General

m when the impact:source is not operational.
Generation of sound field

1 General

impact sound shall be generated using the tapping machine or the rubber ball as the imp

quirements
lement, the

bquivalent.
without an

is prone to
I with fixed

ral zone of

receiving room with thésimpact source in operation, and the background noise level in the receiving

act source.

7.2.

2 Impact source positions for the tapping machine as impact source

The tapping machine shall be placed in at least four different positions randomly distributed on the
floor under test. The distance of the tapping machine from the edges of the floor shall be at least 0,5 m.
In the case of anisotropic floor constructions with beams, ribs, etc., more positions may be necessary.
The hammer connecting line should be orientated at 45° to the direction of the beams or ribs.

The impact sound pressure levels may reveal a time dependency after the tapping is started. In such a
case the measurements should not begin until the noise level has become steady. If stable conditions are
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not reached after 5 min, then the measurements should be carried out over a well-defined measurement
period. The measurement period shall be reported.

NOTE Time dependency sometimes occurs with soft or fragile floor surfaces as during each impact the
hammers can change the contact stiffness or damage the surface directly underneath the hammers.

When floors with soft coverings are under test, the tapping machine shall fulfil the special requirements
given in Annex A. Advice regarding the mounting of the tapping machine on soft floor coverings is
given in Annex A.

7.2.3 Impact source positions for the rubber ball as impact source

The impact sound shall be generated by dropping the rubber ball vertically in a free fall from a heigllt of
100 + 1 cm{measured from the bottom of the rubber ball to the surface of the floor under test

The excitation by the rubber ball shall be made at four or more different positions on the flgor or stpirs
under test|For a lightweight floor with joists, one of these positions should be above-thejoists and[one
position shiould be at the centre point of the floor.

7.3 Fixed microphone positions for the tapping machine or rubbet-ball as impact source

7.3.1 Gejneral

With the thpping machine or the rubber ball as the impact source, fixed microphones may be ysed
without an| operator in the room using a microphone fixed on a tripod. Alternatively, the operator jnay
be present|in the room with the microphone fixed on a tripod, or with the operator using a manuglly-
held microphone at a fixed position; in both cases the trunkof the operator’s body shall remain pt a
distance af least an arm’s length from the microphone. For the tapping machine as the impact soufrce,
the averaging times shall satisfy the requirements in ZZ1.

Microphone positions shall be distributed withifdthe maximum permitted space throughout dach
room. No tivo microphone positions shall lie in‘the same plane relative to the room boundaries and|the
positions shall not be in a regular grid.

7.3.2 Number of measurements

The numbeér of microphone positiens shall equal the number of tapping machine positions or intg¢ger
multiples df the number of tapping machine positions.

The same pumber of microphione positions shall be used for each tapping machine position.

If four or five tappingsmachine positions are used, at least two measurements of impact sound presqure
level shall [be madg for each tapping machine position. Measurements shall be made in at least fwo
different nmjicroplione positions for each tapping machine position.

If six or m@ré+apping machme posmons are used at least one measurement of 1mpact sound presqure
level shall be v erent
microphone position for each tappmg machlne p051t10n

7.3.3 Tapping machine operated at more than one position

Measure the sound pressure level in the receiving room for the first impact source position. Calculate
the energy-average sound pressure level according to 7.8.1 then make any required correction for
background noise according to 9.2. Calculate the standardized impact sound pressure level using
Formula (1) or the normalized impact sound pressure level using Formula (2). Repeat this process for
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the other impact source position(s) then calculate the standardized impact sound pressure level using
Formula (7) or the normalized impact sound pressure level using Formula (8):

10
L. =10lg 210 Lar/ (7)
o
L, =10lg %210%‘/10 (8)
Whuc

m is the number of tapping machine positions;
Lynrj is the standardized impact sound pressure level for tapping machine position j;

Lyn; isthe normalized impact sound pressure level for tapping machineosition j.

7.3/4 Rubber ball operated at more than one position

Megsure the sound pressure level in the receiving room for the first impact source position. Calculate
the|energy-average maximum impact sound pressure level accerding to 7.8.3 then make arly required
corfection for background noise according to Clause 9. Repeat this process for the other impact source
posjtion(s), then calculate the energy-average maximum impdct sound pressure level using Fprmula (9):

Li,Fmax =10lg Z]‘O i, Fmax,j /10 i
] =1
whgre
m is the number of rubber ball‘positions;

LiFmax,; is the maximum impac{Sound pressure level for rubber ball position j.

Calgulate the standardized maximum impact sound pressure level using Formulae (3), (4) and (5).

7.4 Mechanized contintously-moving microphone for the tapping machine as
impact source

7.4]1 General

With the tapping machine as the impact source, the microphone shall be mechanically npoved with
apI}'oximately constant angular speed in a circle, or shall be mechanically swept along a cifcular path

wheresthe angle of rotation about a fixed axis is between 270° and 360°. The sweep radius for the
cirqular traverse shall be at least 0,7 m. The plane of the traverse shall be inclined in order to cover a
large proportion of the permitted room space and shall not lie in any plane that is less than 10° from
any room surface (wall, floor or ceiling).

The duration of a single traverse shall be at least 15 s. Each complete traverse may need to be repeated
to satisfy the requirements on the averaging time in 7.7.2.

When using at least six tapping machine positions, the location of the fixed point about which the
continuously-moving microphone moves may be changed.

7.4.2 Number of measurements

The same number of measurements shall be taken for each tapping machine position and at least one
measurement shall be made for each tapping machine position.
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7.4.3 Tapping machine operated at more than one position

Calculate the standardized impact sound pressure level or the normalized impact sound pressure level
as described in 7.3.3.

7.5 Manually-scanned microphone for the tapping machine as impact source

7.5.1 General

With the tapping machine as the impact source, the manual-scanning path shall be a circle, a helix,

a cylindri
path shall
operator t

may need o be repeated to satisfy the requirements on the averaging time in 7.7.3.

When usin
scan is car

7.5.2 Nu

The same }
measurem

7.5.3 Ta

Calculate t
as describg

7.5.4 Ci

The circuld
level metel
of the circl
not lie in a
knees can
the path is
pause the

before con

The operaf
speed shal

Al-Type patit or tThree SEMmICITCIES as SoOWN 1 FIgUTe 1. A CITCIE, NelX or cytinarical-
be used in unfurnished or furnished rooms. If there is insufficient space in the room-for
use these paths, the path consisting of three semicircles shall be used. Each complete

pe
the
ath

b at least six tapping machine positions, the location of the fixed point from which the marnual

-ied out may be changed.

mber of measurements

humber of measurements shall be taken for each tapping machine position and at least
bnt shall be made for each tapping machine position.

pping machine operated at more than one position

he standardized impact sound pressure level or theinormalized impact sound pressure |
din 7.3.3.

cle

ir path is indicated in Figure 1. The opérator shall stand holding the microphone or so
with outstretched arm while rotating the body through an angle of 270° to 360°. The pl
e shall be inclined in order to cover a large proportion of the permitted room space and s
hy plane that is less than 10%from any room surface (wall, floor or ceiling). If required,

one

bvel

und
ane
hall
the

be bent to reduce the overall height of the microphone; this should always be done when

repeated at another po§ition in the room. To minimize operator noise it can be beneficia
measurement mid-way, along the path so the operator can change the position of the b
inuing the scan.

or shall aim to achieve a constant angular speed during the scan. The maximum ang
be approximately 20° per second.

755 H

Tix

The helical path is indicated in Figure 1. The operator holds the microphone or sound level meter v

I to
ody

1lar

vith

outstretched arm at a starting position that is 0,5 m above the floor then rotates the body at least
twice through 360° from a crouched to a standing position, finishing with the microphone at a position
that is no more than 0,5 m from the ceiling. To minimize operator noise it can be beneficial to pause
the measurement mid-way along the path so the operator can change the position of the body before
continuing the scan.

The operator shall aim to achieve a constant angular speed during the scan. The maximum angular
speed shall be approximately 20° per second.

7.5.6 Cylindrical-type
The cylindrical-type path is indicated in Figure 1. The operator shall use a 0,3 m to 0,9 m extension

rod to hold the microphone. For a right-handed operator, the path starts 0,5 m above the floor from a
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position approximately 90° to the left side, the rod is then swept in a circular path parallel to the ground
to cover an angle of approximately 220°. The sweep continues vertically upwards along a straight line
until the microphone is 0,5 m from the ceiling, after which another circular sweep covers approximately
220° in the opposite direction, before descending to the starting point along a vertical straight line. For
a left-handed operator the directions are reversed.

During the circular sections of the path the operator shall aim to achieve a constant angular speed.
The maximum angular speed shall be approximately 20° per second, with a maximum speed of

app

7.5

roximately 0,25 m/s over the straight sections of the path.

~ Throocamicirclac
7 T =4

The
mid

T CC-oCTIIIICITCICT

rophone or sound level meter with an outstretched arm, and trace out three semic

approximately 45° to 60° separations. The plane of each semi-circle shall not lie/in any

is 14
red
pos

For
maj

ss than 10° from any room surface (wall, floor or ceiling). If required, the-khees may
ice the overall height of the microphone; this should be done when the path’is repeated
jtion in the room.

each of the three semicircles the operator shall aim to achievé-a constant angular
rimum angular speed shall be approximately 20° per second.

path comprising three semicircles is indicated in Figure 1. The operator shall stand lholding the

rcles with
plane that
be bent to
at another

tpeed. The

BwWw N R

circle

helix
cylindrical-type
three semicircles

Figure 1 — Manual-scanning paths
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7.6 Minimum distances for microphone positions

For the default procedure, the following separation distances are minimum values and shall be exceeded
where possible:

a) 0,7 m between fixed microphone positions;

b) 0,5 m between any microphone position and the room boundaries;

c¢) 1,0 m between any microphone position and the partition being excited by the impact source.

7.7 Avel

7.7.1 Fiy
The averag

100 Hz to 4
50 Hz to 8(

7.7.2 Mg

The averag
100 Hz to §

7.7.3 M3

The averag
5000 Hz, 4

7.8 Calc

7.8.1 Fiy

The energy

L;=10

1

where
P12, p2
po

In practice

aging times for the tapping machine as impact source

ed microphone positions

ing time at each individual microphone position shall be atleast 6 s in the frgquency rang
00 Hz. For 500 Hz to 5 000 Hz, it is permissible to decrease the time to nofjless than 4 s.
Hz, the averaging time at each individual microphone position shall beatleast 15 s.

chanized continuously-moving microphone

Fing time shall cover a whole number of complete traverses and shall be at least 30 s
000 Hz, and atleast 60 s for 50 Hz to 80 Hz.

nually scanned microphone

ing time shall cover a whole number of complete‘paths and shall be atleast 30 s for 100 H
nd at least 60 s for 50 Hz to 80 Hz.

ulation of energy-average sound pressure levels

ed microphone positions for the:tapping machine as impact source

-average sound pressure level in the receiving room is determined using Formula (10):

s

e are'the mean-square sound pressures at n different microphone positions in the ro

2, 2 2
P1+Py++DPp

2
npg

T~

pn?
is the reference sound pressure and is equal to 20 pPa.

the sound pressure levels are usually measured and the energy-average sound presg

e of
For

for

Z to

10)

ure

level shall

pe determined using Formula (11):

1<, L;/10
L;=10lg 5210 J

j=1

where L1, Ly, ..., Ly are the sound pressure levels at n different microphone positions in the room.

12

(11)
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7.8.2 Mechanized continuously-moving microphone and manually-scanned microphone for
the tapping machine as impact source

The energy-average sound pressure level in the receiving room is determined using Formula (12):

Tm
1 | p?erae
T
Li=10lg| — % —— (12)

2
Po

whére
p isthe sound pressure, in Pascals;
Tm is the averaging time, in seconds.

When more than one traverse or scan is carried out in the same room,\the energy-average sound
pregsure level in the room is determined using Formula (13):

Ly/10 4 nLy/10 L,/10
Li=101g[10 +10%2/104 110 ]
n

(13)

where L1, Lp,..., Ly are energy-average sound pressure levelsfrom n different traverses/scans ip the room.

7.8{3 Fixed microphone positions for the rubberball as impact source

Forleach rubber ball position, j, the energy average, maximum impact sound pressure level{ L pmax,j in
the[receiving room is determined using Formula{14):

15, L gy /10
Li,FmaX,j = 10 lg[; Z 10 i,Fmax,,k \} (14)
k=1

where Li Fmax,j,1, Li Fmax,j,2,--» Lijmax,jn are the maximum sound pressure levels at n different icrophone
posjtions in the room for rubberball position j.

8 [Low-frequencyprocedure for sound pressure level measurement for the
tapping machine“as impact source

8.1 General

The low-frequency procedure shall be used for the 50 Hz, 63 Hz, and 80 Hz one-third ocfave bands
in the-réceiving room when its volume is smaller than 25 m3 (calculated to the nearest cubic metre).
Sound=pressuretevel-measurements—are—used—to—determine—thehighesttevelin—the—eerhers of the
receiving room with the tapping machine in operation, and the background noise level in the receiving
room when the tapping machine is switched off.

8.2 Generation of sound field

8.2.1 General

Sound shall be generated using the standard tapping machine. Requirements for the tapping machine
are specified in Annex A.
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8.2.2 Impact source positions

The tapping machine shall be operated in at least two of the same positions that were used for the
default procedure that satisfy the requirements given in 7.2.2.

8.3 Microphone positions

For the low-frequency procedure a fixed microphone shall be positioned in room corners at a distance
of 0,3 m to 0,4 m from each room boundary that forms the corner — see example in Figure 2.

NOTE [he distance from each boundary that forms the corner does not have to be identical. For example, it
could be pogitioned at a distance of 0,3 m from one boundary, 0,35 m from another boundary and 0,4 m fron] the
remaining Houndary.

2

\

Key
1  wall

2 ceiling

NOTE This is an illustrative example of only one possible corner position in a room.

Figure 2| — Example of a corner microphone position where the distance, d, shall be betwe¢n
0,3 mand 0,4 m

A minimu;ls of four cornersishall be measured using a fixed or manually-held microphone for dach
impact soujrce position,

For each st of four corner measurements, two corners should be at ground level and two cormers
should be at ceiling*level. These corners may or may not be adjacent to the partition. Corners shall be
used which aré formed by three intersecting surfaces (such as walls, doors, windows, floor, or ceil{ng)
each havirlIg an area of at least 0,5 m2, that are perpendicular to each other, with no objects such as
furniture within 0,5 m of the corner. Where this is not possible, corners can be used where the three
intersecting surfaces have angles between pairs of the surfaces between 45° and 135° and/or where
there are objects close to the three intersecting surfaces, and/or where an object such as a cupboard
forms one of the intersecting surfaces.

For the 50 Hz, 63 Hz and 80 Hz one-third octave bands calculate the low-frequency energy-average
sound pressure level for the source and/or receiving room according to 8.5, then calculate the
standardized impact sound pressure level using Formula (1) or the normalized impact sound pressure
level using Formula (2).
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8.4 Averaging time

For the low-frequency procedure, the averaging time at each individual microphone position shall be
atleast 15 s.

8.5 Calculation of low-frequency energy-average impact sound pressure levels

When the tapping machine is operated at one position (and then further measurements are taken with
the tapping machine in different positions), determine the highest sound pressure level from the set of
measured corners for each of the 50 Hz, 63 Hz and 80 Hz bands after making any required correction
for packereundneiseaceordingto- 52 Foreachfrequencyband theecernersoundpressurelpvel is then

caldqulated from Formula (15):

2 2 2
PcCorner,TM1 t PCorner,TM2 T T pCorner,TMq

L
2
qbo

=10lg (15)

i,Corner

whegre

P2Corner,TM1, P%Corner,;TM2, --» P%Corner,;TMq are the highest mean-square sound pressures| (that have
been corrected for background noise where hecessary)
from corner measurements corresponding to the g tapping
machine positions;

po is the referenge sound pressure and is equal to R0 pPa.

NOTE For each of the 50 Hz, 63 Hz and 80 Hz bands;the mean-square sound pressure values needed to
calculate Li,corner may be associated with different corne¥siin the room.

The low-frequency energy-average sound pressure level in the 50 Hz, 63 Hz and 80 Hpz bands is
calqulated by combining L; from the default procedure and L; corner from the low-frequency|procedure
using Formula (16):

—

0'1Li,Corner + (2 . 100'11’1 )

3

LiLr =10lg 10

(16)

9 [(Background noise {default and low-frequency procedure)

9.1 General

Megsurements-of background noise levels shall be made to ensure that the signal level in the receiving
room is notaffected by the background noise and to allow a correction as described in 9.2. Extraneous
soupd, suc¢has noise from outside the test room, electrical noise in the receiving system, mechanical
devjices.used for the continuously-moving microphone and operators inside the test room alllcontribute
to thedbackground noise level.

It is recommended to check that the sound level meter does not introduce spurious signals when
pressing buttons which start, pause or stop the measurement.

Operators are a potential source of background noise when using a) fixed microphone positions where
the operator remains inside the receiving room, b) manually-held microphones or c) manually-scanned
microphones. Self-generated noise from the operator can result from sources such as clothing, shoes, or
arm/knee joints. For a), b) and c), the operator shall use at least one of the following three methods to
try and identify self-generated noise in the receiving room: 1) the time history of the A-weighted sound
pressure level (Fast time weighting) to look for unusual transient events, 2) the difference between the
maximum sound pressure level with Fast time weighting and the equivalent continuous sound pressure
level in frequency bands to indicate unusual transient events, and 3) their own hearing, but only when
hearing protection is not required and not used. Using one or more of these methods the operator shall
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ensure that self-generated noise due to their movement and activity during the sound pressure level
measurement of the signal level is similar to that during the background noise measurements.

For manually-scanned microphones, the operator shall carry out the background noise measurement
using the same type of manual-scanning path that is used for the signal level measurement.

For the low-frequency procedure, a background noise measurement shall be carried out in each corner
that is used to calculate the corner sound pressure levels.

NOTE

For each of the 50 Hz, 63 Hz and 80 Hz bands, the values for L;corner can be associated with different

corners in the room; hence each band can require an individual correction to the signal level for background noise.

The minimlum averaging times for the background noise measurement shall satisfy the requiremé

7.7. Using a
the backgr

To check th

9.2 Correction to the signal level for background noise

For the def]

n averaging time that exactly equals these minimum time periods is only appropriate
pund noise is steady and continuous; otherwise, longer averaging times shall be used.

e electrical noise in the receiving system, replace the microphone by a dummymicrophg

hult and the low-frequency procedures, the background noise levelshall be at least 6 dB

nis in

o+

en

ne.

and

preferably more than 10 dB) below the level of signal and background noiseiecombined at each frequgncy
band. If the difference in levels is smaller than 10 dB but greater than &dB;, calculate corrections to[the
energy-avgrage impact sound pressure level, the corner impact souhd pressure level and the energy-
average mgximum impact sound pressure level using Formula (17):

L=101g(10%sp/10 _109L/10y 17)
where

L  isthe adjusted signal level, in decibels;

Lsp is the level of signal and background:neise combined, in decibels;

Lp 1is the background noise level, in decibels.
The values|for Lgp and Ly, shall be reduced to one decimal place before use in Formula (17). This is done
by taking the value in tenths of a. dB'closest to the reported values such that XX,XYZZZ... is roundef to
XX, X if Y is|less than 5 and to XX;X + 0,1 if Y is equal to or greater than 5.
If the difference in levels-is-less than or equal to 6 dB in any of the frequency bands, use the 1,3 dB

correction
frequency

and that thle values.are at the limit of the measurement.

NOTE '

procedure,\it'shall be clearly indicated in the report that a 1,3 dB correction has been m

'he’energy-average maximum impact sound pressure level that is measured with the rubber bg

not correctg

For each fréguéency band where this is the case for the default procedure and/or the low-

ade

1lis

dby a background noise level that is described using the maximum sound pressure level. This is

due

to the difficulty in determining whether the maximum level representing the background noise is likely to have

affected the

signal level that is measured due to the impact of the rubber ball.

10 Reverberation time in the receiving room (default and low-frequency
procedure)

10.1 General

This clause describes the default procedure that shall be used in the receiving room for all reverberation
time measurements, and a low-frequency procedure that shall be used when the receiving room volume
is smaller than 25 m3 (calculated to the nearest cubic metre).
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The reverberation times shall be measured using the interrupted noise method or the integrated
impulse response method as described in ISO 3382-2 and ISO 18233. The engineering method is
preferred although the precision method may be used.

Evaluation of the reverberation time from the decay curve shall start at 5 dB below the initial sound
pressure level. The preferred evaluation range is 20 dB. The bottom of the evaluation range shall be at
least 10 dB above the overall background noise level.

Any operator who was in the receiving room during the sound pressure level measurement shall also
be in the receiving room for reverberation time measurements. The operator may be present in the
room with the microphone fixed on a tripod, or with the operator using a manually-held microphone
at alfixed position; in both cases the trunk of the operator’s body shall remain at a distance|at least an
arny’s length from the microphone.

To dletermine the normalized impact sound pressure level, calculate the equivalent sound
areq from the reverberation time using Formula (6).

hbsorption

10.2 Generation of sound field

Use|
Lou
san

For
spe
thiy
for

banldwidth of at least one-third octave.

For

loudspeaker(s) at fixed positions that comply with the directivity requirements iy
dspeakers may be used simultaneously provided they are of the 'same type and are dr
e level by similar, but uncorrelated, signals.

the default procedure, the sound generated in the roem-shall be steady and have a

d octave bands may be taken using a broadband noisesignal. If filtering of the source sig
each frequency band under test, use a filter witlia corresponding centre-band freque

the low-frequency procedure, the sound genérated in the room shall be steady and have a

Annex B.
iven at the

continuous

Ctrum over the frequency range considered. Parallel measurements over the required rajnge of one-

nal is used
ncy with a

continuous

spefrtrum at least over the frequency rangeovered by the 63 Hz octave band.

10.3 Default procedure

The
imp
whyd
bet
the

default procedure shall use_the interrupted noise method described in 10.5 or the|integrated
ulse response method described in 10.6 for all one-third octave bands between 50 anl 5 000 Hz
n the receiving room hasd volume larger than 25 m3 (calculated to the nearest cubic metre), and
wveen 100 Hz and 5 000, Hz when the receiving room has a volume smaller than 25 m3 (cdlculated to
nearest cubic metre);

10.4 Low-frequency procedure

Thd
intdq

low-fréquency procedure shall use the interrupted noise method described in 10.5 or the
251

gratedimpulse response method described in 10.6 when the receiving room volume is sinaller than
m3(calculated to the nearest cubic metre). This procedure requires that the reverbera}ion time is
measured in the 63 Hz octave band instead of the 50 Hz, 63 Hz and 80 Hz one-third octave|bands and

that this single measured value is used to represent the 50 Hz, 63 Hz and 80 Hz bands in the calculation
of Lnrand/or L'y and/or L Fmax v T-

NOTE1 In small room volumes there are relatively few room modes that determine the decay curve in the
50 Hz, 63 Hz and 80 Hz bands. Hence the use of 20 dB or 30 dB evaluation ranges on the decay curves from one-
third octave bands are prone to error because single-slope decay curves usually only occur when there are many
modes in each frequency band. This issue can be partly resolved through use of the 63 Hz octave band filter.

NOTE 2  In timber- or steel-frame buildings with gypsum or timber board linings the reverberation times in
the 50 Hz, 63 Hz and 80 Hz bands can be sufficiently short that the decay curve is affected by the decay time of
the one-third octave band filters in the analyser. This can be avoided by using a 63 Hz octave band filter due to its
wider bandwidth which allows the measurement of shorter reverberation times.
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10.5 Interrupted noise method

For fixed or manually-held microphone positions, the minimum number of measurements required
for each frequency band is six. At least one loudspeaker position shall be used with three fixed
microphone positions and two measurements at each position, or six fixed microphone positions and
one measurement at each position.

For a mechanized continuously-moving microphone, the minimum number of measurements required
for each frequency band is six. At least one loudspeaker position shall be used with six measurements
carried out along the microphone traverse.

10.6 Integrated impulse response method

For the intiegrated impulse response method, measurement of the reverberation time shall|use fixed

microphone positions.

Using an itppulse source, the minimum number of measurements required for eachdrequency band is
six. At leasf one source position and six fixed microphone positions shall be used.

The reverberation time shall be calculated by reverse-time integration of the sguared impulse respopse.

11 Conversion to octave bands

the
ted
ely:

For the tapping machine as the impact source, if the standardized impact sound pressure level or
normalized impact sound pressure level are needed in octave hands, these values shall be calculd
from the three one-third octave band values in each octave band using Formula (18) or (19), respectiy

3 ,
, L 10
LnT,OCt zlolg[zlo nT,1/30ct,n/ J :18)
n=1
: 3. /10
Ly oct §{101g| D 10 m1/3octn 19)
n=1
For the rupber ball as impact source;-if the standardized maximum impact sound pressure level is

needed in ¢ctave bands, these values.shall be calculated from the three one-third octave band valuds in

each octavg band using Formula (20):
' 3T, /10
Li‘Fmax'V‘Tloct :101g Zlo i,Fmax,V,T,1/3oct,n 20)
n=1

The one-tHird octaveyband values shall be reduced to one decimal place before use in Formulae ([18),
(19) and (40). This:is done by taking the value in tenths of a dB closest to the reported values such that
XX, XYZZZ{. is<rdunded to XX, X if Y is less than 5 and to XX,X + 0,1 if Y is equal to or greater than 5.
Present th¢ final results with no higher precision than to the nearest 0,1 dB. |n

12 Expression of results

For the statement of the impact sound insulation, the measurement results, L', or L'y, shall be given in
decibels at all measurement frequencies in one-third octave bands to one decimal place, both in tabular
form and in the form of a curve.

Graphs in the test report shall show the value in decibels plotted against frequency on a logarithmic
scale; the following dimensions shall be used:

a) 5 mm for a one-third octave band;

b) 20 mm for 10 dB.
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The preferred format for the graphs is given Annex C with the accompanying text stating all relevant
information concerning the test site, construction, procedure and results.

13

Uncertainty

The uncertainty of the measurement result shall be determined in accordance with the method given
in ISO 12999-1.

14
The
a)
b)
‘)
d)
e)

f)
g)
h)

j)

For
tha
incl

Theg recommiended form for the expression of results is given in Annex C.

©IS

Test report

test report shall include at least the following information:

reference to this International Standard and the year of publication (i.e. ISO 16283-2:20
name of the organization that has performed the measurements;

name and address of the organization or person who commissioned the test (client);
date of the test;

description and identification of the building constructiony\(address or other un
identifier) and test arrangement (including any temporary.modification of the room c
the test, e.g. the introduction of diffusers; see Clause 6);

volume of the receiving room (calculated to the nearest'cubic metre);
impact source;

standardized impact sound pressure level, L7, or the normalized impact sound pressui
or the standardized maximum impact sounid pressure level, L'; rmax,y;7 as a function of ff

brief description of the test procedure, brief details of the equipment, and indicate
frequency procedure was used forSound pressure level and reverberation time in the 5
and 80 Hz one-third octave bands;

indications of results which'are to be taken as limits of measurement. They shall 4
L'yt or L'y or L' Fmax,v-<»dB. This shall be applied if the sound pressure level in any |
measurable on account ef background noise (see Clause 9);

the evaluation of‘single-number ratings from the curves, use ISO 717-2. It shall be cle
the evaluatiomhas been based on a result obtained by a field method. The test report
pde the uncertainty in the single-number rating.

5);

hmbiguous
bntents for

e level, L'y,
equency;

if the low-
) Hz, 63 Hz

e given as
pand is not

arly stated
hould also

02015 - All rights reserved
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Annex A
(normative)

Impact sources

A.1 Standard-tappingmachine

taratapp 5 Tt

A.1.1 Reguirements

The standprd tapping machine shall have five hammers placed in a line. The distanee between
centrelineq of neighbouring hammers shall be (100 = 3) mm.

The distanjce between the centre of the supports of the tapping machine and‘the centrelinef of
neighbouring hammers shall be at least 100 mm. The supports shall be equipped with vibratigpnal
insulating pads.

The momeptum of each hammer that strikes the floor shall be that of an effective mass of 500 g which
falls freely|from a height of 40 mm within tolerance limits for the momentum of £5 %. As friction of{the
hammer giidance shall be taken into account, it shall be ensured that ot only the mass of the hammer
and the falling height, but also the velocity of the hammer at impact, lie within the following limits:the
mass of each hammer shall be (500 + 12) g from which it follows that the velocity at impact shalll be
(0,886 £ 0,p22) m/s. The tolerance limits of the velocity may-be increased to a maximum of +0,033 m/s
if it is ensufred that the hammer mass lies within accordingly reduced limits of (500 + 6) g.

The falling|direction of the hammers shall be perpendicular to the test surface to within +0,5°.

The part of the hammer carrying the impact surface shall be cylindrical with a diameter of (30 £ P,2)
mm. The impact surface shall be of hardened(steel and shall be spherical with a curvature radius of
(500 £ 100) mm. Testing for fulfilment of this requirement may be performed in the following ways

a) The cyirvature of the impact surface is considered to comply with the specifications if|the
measufrement results lie within ‘the tolerances given in Figure A.1 when a meter is moved over|the
surfacg on at least two lines-through the centre point, the lines being perpendicular to each othfer.

The cyrves of Figure A.\describe a curvature of 500 mm. The distance between the curves is|the
smallejst distance that,allows both the 400 mm and 600 mm radius to fall within the tolergnce
limits.|The accuracy?of the measurement shall be at least 0,01 mm.

b) The curvatureafthe hammer heads may be tested by using a spherometer with three feelers lying
on a cifcle with a diameter of 20 mm.

The tapping‘machine shall be self-driven. The mean time between impacts shall be (100 + 5) ms. [The
time between successive impacts shall be (100 + 20) ms.

The time between impact and lift of the hammer shall be less than 80 ms.

For standard tapping machines that are used for testing impact sound insulation of floors with soft
coverings or uneven surfaces, it shall be ensured that it is possible for the hammers to fall at least 4 mm
below the plane on which the supports of the tapping machine rest.

All adjustments on the standard tapping machine and verification of the fulfilment of the requirements
shall be performed on a flat hard surface and the tapping machine shall be used in that condition on any
test surface.

The weight of the tapping machine shall be less than 25 kg in order not to load lightweight floors or
floor coverings differently.
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Figure A.1 — Tolerance limits for the curvature of hammer heads

.2 Regular checks of performance

bnstructed or repaired. This concerns the distance between hammers, supports of t
hine, diameter of the hammers, mass of the hammers (unless the hammer heads

urvature of

has been
he tapping
have been

nished), time between\impact and lift, and maximum possible falling height of the hammjers.

velocity of the hammers, diameter and curvature of hammer heads, falling direction of th|
time betweendimpacts shall be verified regularly.

fulfilmengt of the requirement shall be verified at regular intervals under standard
ditions.The test shall be performed on a test surface that is flat to within +0,1 mm and hg
nin +0;1°.

e hammers

laboratory
rizontal to

The

uhéertainty of the verification measurements shall be at maximum 20 % of the values of the

tolerances.

A.2 Rubber ball

A2

.1 Requirements

The rubber ball shall generate the impact force exposure level in each octave band shown in Table A.1
and Figure A.2 when it is dropped vertically in a free fall from the height of 100 + 1 cm measured from

the

©IS

bottom of the rubber ball to the surface of the floor under test.

02015 - All rights reserved
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The impact force exposure level, Lrg, is 10 times the common logarithm of the ratio of the time-
integrated value of the impact force squared to the square of the reference force, as expressed in
decibels by Formula (A.1):

£ 2
F~(t
Leg =10lg| —— j #dt (A1)
Tref t Fo
where

F(t) is the instantaneous force acted on the floor under test when the rubber ball is dropped on
the floor, in newtons;

Fo is the reference force (= 1 N);
ty — t1| is the time duration of the impact force, in seconds;

Tref is the reference time interval (= 1 s).

Thable A.1 — Impact force exposure level in each octave band of the'rubber ball

Octave band centre frequency Impact force-exposure level, Lrg
Hz dBrelN
31,5 390+£1,0
63 31,0+ 1,5
125 23,015
250 170+ 2,0
500 12,5+£2,0

22 © IS0 2015 - All rights reserved
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Figure A.2 — Impactforce exposure level in each octave band of the rubber ball

Figuiire A.3 shows the impdct force waveform of the rubber ball.
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Figure A.3 — Impact force waveform of the rubber ball measured on a heavy concrete floor

A.2.2 Ex
A rubberb

3-2:2015(E)
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rubber ball can either be dropped manually or using an automated set-up

hample of the construction of the rubber bal

h1l with the following characteristics can realize the conditions specified in A.2.2:

a) shape pnd size: hollow ball of 180 mm in diameter with 30 mm thickness (see Figure A.4);
b) composition: see Table A.2;
c) effectiye mass: (2,5 £ 0,1) kg;
d) coeffidient of restitution: 0,8 #0,1
Table A.2 — Composition of the rubber ball
Matgrial Silicon rubber P(_em)_(ide Pigment Vulcanizing agent
cross-linking agent
Mass fradtion wja 100 2 2 <0,1
a  Parts by mass per hundred parts by mass of rubber.
24 © IS0 2015 - All rights reserved
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Key

A2

The
aftd

®180

pin hole (1 mm in diameter)

Figure A.4 — Section view of the rubber ball

.3 Regular checks of performance

frequency characteristics of the impact force exposure level 6fthe ball only need to be meg
r manufacture, unless the rubber ball is visibly cracked ordamaged when they should be ¢

© ISO 2015 - All rights reserved
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Req

Annex B
(normative)

uirements for loudspeakers used for reverberation time
measurements

B.1 Ge

A loudspedker shall be a closed cabinet containing one or more individual speaker units)AHl sped
units in th¢ same cabinet shall radiate in phase.

The directlivity of loudspeakers shall have approximately uniform, omnidirectional radiation.

ral

ker

The

qualificatign procedure for loudspeaker directivity that is described in B.2 shall\be used to conffirm

that the loydspeaker is suitable for measurements.

NOTE |
of a polyhed
with a hemi

B.2 Qua

To test the
at a distan
should be 1
shall be dr

Measure L

for each angle step i (typically chosen as 1°jor 5° intervals) which correspond to the energy-aver

value over
calculated

DI; =L
For one-th

radiation i
800 Hz ang

Carry out
source, tes

choosing a suitable loudspeaker, it is common to find that loudspedkers mounted on the surfj
ron, preferably a dodecahedron, will give uniform, omnidirectional radiation. This is also achiev
sphere polyhedron loudspeaker that is mounted directly on the{loor.

lification procedure for directivity

Ce of 1,5 m from the centre of the loudspeakeriin a free-field environment. The loudsped
otated using a turntable or by taking discrete'measurements at 5° intervals. The loudspez
ven with a broadband noise signal, andmeasurements made in one-third octave bands.

Be0° Which is the energy-average:lével for the complete arc of 360°. Measure L3q,; va

an arc of 30° that is centred around the angle step (i.e. +15°). The directivity indices shal
using Formula (B.1):

60° —L30,i

[ the DI valuestatre within *2 dB for the frequency range from 100 Hz to 630 Hz, +5 dB
+8 dB for the frequency range from 1 000 Hz to 5 000 Hz.

he testin different planes to ensure inclusion of the “worst case” condition. For a polyhed
Ling(irf one plane is sufficient.

This quali
conforman
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Annex C
(informative)

Forms for the expression of results

This annex gives examples of forms for the expression of results for the field measurements of impact

sou
the

shojild be supplemented or at least replaced by the shifted reference curves in accordang
profedure described in ISO 717-2.

TCrrrrotrotroroetyv © T ctorv e Ty

forms (see Figure C.1, Figure C.2 and Figure C.3) are taken from ISO 717-2. The reférg

© ISO 2015 - All rights reserved

dincnlation hatuwoan raome for ona third actava hande Tha curuac of rafaranca wual hown in
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Standardized impact sound pressure levels, L'y, according to ISO 16283-2

Field measurements of impact sound insulation of floors using the tapping machine
Client:

Date of test:

Description and identification of the building construction and test arrangement, etc.

Receiving room volume: m3

Frequehcy L'nt L'y
f one third octave 80 |

Hz dB
50 70 |
63 '
80
100
125
160 %0
200
250 40
315
400
500
630
800 63 125 - 250 - 500 | I1 000I I2 oooI 4000
100
125
160
200
250
315
400
500

60

30

_____ frequency range according to the

curve of reference values (ISO 717-2)

A B S [ NS S W S wn Sy [ N i w—

Rating in accordance with ISO 717-2:
Lnrw(Cr) = () dB; C1,50-2500 = dB
Evaluation based on field measurement results obtained by an engineering method

No. of test report: Name of test institute:

Date: Signature:

Figure C.1 — Example of a form for the expression of results using the tapping machine
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Normalized impact sound pressure levels, L, according to ISO 16283-2

Field measurements of impact sound insulation of floors using the tapping machine
Client:

Date of test:

Description and identification of the building construction and test arrangement, etc.

Receiving room volume: m3

Frequency Ly L'y
¥ one third octave 80

Hz dB
50
63
80
100
125
160 %0
200
250 40
315
400
500
630
800 20 63 | 125 | I250I I500 | I1 oooI I2 000I 4000
1000
1250
1600 | -~ |____ frequency range according to the
2000
2500
3150
4000
5000

70

60

30

curve of reference values (ISO 717-2)

Rating in accordance with ISO 717-2:
Lnw(C) = () dB; C1,50-2500 = dB
Evaluation based on field measurement results obtained by an engineering method

No. of test report: Name of test institute:

Date: Signature:

Figure C.2 — Example of a form for the expression of results using the tapping machine
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Field measurements of impact sound insulation of floors using the rubber ball

Standardized maximum impact sound pressure levels, L pmax, v 7, according to ISO 16283-2

Client:

Receiving

Date of test:

room volume: m3

Description and identification of the building construction and test arrangement, etc.

Freque

f
Hz

hcy L' Fmax,V,T
one third octave

dB

50
63
80

100
125
160

200
250
315

400
500
630

’
L i,Fmax, V.7

80

70

60

50

40

30

20

63

125

250

500

1000

1 1
2000 4000

No. of test rg

Date:

Signature:

port: Name of test institute;

Figure C.3 — Example of a form for the expression of results using the rubber ball

30
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Annex D
(informative)

Additional guidance

D.1 General
. Fenera:

Thif annex contains additional measurement guidelines for room volumes in the range 104ms3 g
in fhe frequency range 100 Hz to 3 150 Hz. However, the basic principles may.'also b
megsurements in the frequency range 50 Hz to 80 Hz (when the room volumes are,equal t
thap 25 m3 calculated to the nearest cubic metre) and in the frequency range 4 Q00’Hz to 5 0

D.2 Principles

D.2.1 Floor coverings

If djfferent floor coverings are used in the same room (e.g.dnya combined kitchen and liy
megsurements should be performed and reported from the two'types of floors separately. Th
guidlelines should then be used on each of the two floor areas.

If allowed by the national building regulations, measurements on soft floor coverings (such
and| PVC-layers) may be performed on a small samptle (e.g. 1 m2) which is moved between t}
tapping machine positions. It should be noted that'if the covering is to be fastened by an ad
restilts from a measurement without adhesive,can be misleading. The use of a small sampls
carpet with significant weight on a lightweight timber joist partition should be avoided sincg
tak

whe¢n the total area is covered.

WhEn a small sample is used, this should always be mentioned in the test report.

For
dep
car

soft coverings, it should ‘be noted that some materials have an impact sound insulatig
endent on the temperature. The temperature dependence should be evaluated if measur
ied out under conditiens differing from normal temperature.

D.2.2 Calculation of room volumes

Wh
abs
totd

bn calculating the room volume, the volumes of objects in the receiving room with ¢

| volume of the receiving room.

V<250 m3
e used for
Db, or larger
0 Hz.

ing room),
e following

as carpets
e different
hesive, the
of a heavy
it may not

e into account a damping or restraining effect on the flexural motions of the partition, which occurs

n which is
bments are

losed non-

brbing-surfaces, such as wardrobes, cabinets and installation shafts, should not be inclfided in the

D.2-3—€alcutatiomrof commmonm partitiomarea

When calculating the area of the common partition, the area should not be reduced by obje
fixed cabinets or wardrobes that cover part of the common partition.

D.2.4 Number of microphone and impact source positions

cts such as

The recommended number of microphone and impact source positions are given in Table D.1.

© ISO 2015 - All rights reserved
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Table D.1 — Number of microphone and impact source positions determined from the floor
area of the source and receiving rooms

Floor area of the receiving room, m2
Floor area
s(:)futll'lci Number of positions =50 >50
2 Partition type | Partition type | Partition type | Partition type
room, m
1a 2b 1 2
Tapping machine 4 4 4 4
F1?<ed o‘r manuallly.—held 4 4 8 3
ITIICI UpllUllU [JUbll.lUllb
<20 Mechanized continuous-
ly-moving or manually
. 1 1 2 2
scanned microphone
positions
Tapping machine 8 4 8 4
F1?<ed or manuallly.—held 4 4 8 8
microphone positions
20to 50 Mechanized continuous-
ly-moving or manually
. 1 1 2 2
scanned microphone
positions
Tapping machine 8 8 8 8
Fl?(ed or manual'ly.-held 4 4 8 8
microphone positions
>50 Mechanized continuous-
ly-moving or manually
. 1 1 2 2
scanned microphone
positions
a  Partitiop type 1: Timber joist partitions, concrete partitions with ribs or beams and solid concrete partitions with a
thickness legs than 100 mm. Applies to all flooricoverings.
b Partitiop type 2: Solid concrete partitigns with a thickness equal to or greater than 100 mm, clinker concrete elemg¢nts
and hollow doncrete elements. Applies tolall floor coverings.
For partitipn type 1, at least 'ene position of the tapping machine should be on top of a beam with an
angle of 45 oriented with the direction of the beam.
For some yery smallfloor areas <20 m2, the minimum requirement for the distance between|the
tapping mgchine andjthe edges of the floor leads to a very limited area available for the four tapping
machine pgsitions:-However, the minimum number of positions stated in Table D.1 should still be uIEed.
To achieve|this, the tapping machine should be placed within the permitted area and the directioph of
the hammgr‘eonnecting line should be changed for each measurement.

D.3 Horizontal measurements

Examples of suitable impact source and microphone positions for horizontal measurements are
shown in Annex E.

If the floor area of the source room is equal to or less than 20 m2, Table D.1 may be used directly. If the
floor area exceeds 20 m2, a limited area of 20 m2 should be used. The dimensions of the limited floor
area perpendicular to the partition in the source room should not be reduced to less than half the width
of the partition in the source room. The other dimension of the limited area should not be less than the
width of the partition in the receiving room. These recommendations should always be followed. In
some special cases, this implies that it will not be possible to limit the floor area to 20 m2. (See Annex E,
Examples 1to 9.)
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D.4 Vertical measurements

D.4

.1 General

Examples of suitable impact source and microphone positions for vertical measurements are shown in
Annex F.

D.4

.2 Partly-divided rooms

Partly-divided rooms can be found in a) finished buildings (example, an open-plan kitchen/living room

hic ool i dand by o v allN A DY i chad il i g i day co o ol o

whi

For
twd
ver

For
ope
roo

D.4.3 Non-staggered rooms

TS parcry oarviaoct oy o vvalr) o U oo St O UITOTITS S o o T COUTTS T o T tIoTT:

individual rooms if the area of the opening is equal to or less than one-third of the total
ical section of the room in the plane containing the wall. (See Annex F, ExamplesA2 and

an unfinished building under construction where two rooms are coupled by a large o]
ning should be covered by sheet material such as plywood or gypsum beard to achieve w
s for the measurement.

transmission between partly-divided rooms in a finished building, the room can be considered as

area of the
13.)

bening, the
ell-defined

D.4{3.1 General

Norl-staggered rooms are defined as rooms where the horizontal contour of the smaller rgom can be
totglly contained within the horizontal contour of the larger room.

D.4{3.2 Rooms with floor area of the source room equal to or less than the floor area of the
recpiving room

Thg number of tapping machine positions@nd microphone positions should be chosen difectly from
Table D.1. The tapping machine positions should be distributed to cover the total floor area (see

Anr
D.4

If the floor area of the sourceroom is equal to or less than 20 m2, the values of Table D.

use
ise
tap
con
tota

D.44 Staggered rooms

If th

ex F, Example 11).

3.3 Rooms with floor area of the source room larger than the floor area of the recei

d directly. If the floor-area of the source room exceeds 20 m2 and the area of the comm
ual to or less than20/m2, a limited floor area of 20 m2 should be used for the measure
bing machine sheuld be placed exclusively in this area (see Annex F, Example 14). If the
mon partition(éxceeds 20 m2, the tapping machine positions should be equally distribut
| area of the'\common partition.

e;area of the common partition is greater than 20 m2, the guidelines in D.4.3.2 and D.4.3.

ing room

should be
partition
ments. The
area of the
bd over the

B should be

use

e 4l ) derdes : 1 4 1 4] 20 2 el :
U. 1T LT d1 T4 UL UHT CULHITTUIT PATUTITIUIT IS TUUAT TU UL ITSS UIdIT ZU IS, U IT LTI T IS5 11U CULIT

limited area of 20 m2 should be used (See Annex F, Examples 15 to 17).

D.5 Corridors and staircases

D.5

.1 Measurements of impact sound insulation from a corridor

non part, a

Impact sound insulation measurements from a corridor to a room on the same storey or the storey
below should be carried out by placing the tapping machine on a limited area of the corridor close to
the receiving room. The area used should be the full width of the corridor and a length corresponding
to an area of approximately 10 m2. Four tapping machine positions should be used, and the number of
microphone positions should be chosen according to Table D.1. (See Annex E, Example 10.)
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D.5.2 Measurements of impact sound insulation from staircases in apartment houses
and internal stairs in apartments and terrace houses

Measurements should be carried out for the landings and the flights separately. Four tapping machine
positions should be used on the landings as well as on the flights. The number of microphone positions
should be chosen according to Table D.1.

The four tapping machine positions on the flights should be placed with one at step number two from
the top of the flight and one at step number two from the bottom. The other two positions should be
evenly distributed in-between the top and bottom positions.

may be usdd to extend the supporting legs at one side of the tapping machine. This allows the machitie to
stand on two steps. When a special support is used, care should be taken to ensure that the fall height of
the hammgdrs and the horizontal balance of the tapping machine is maintained. If such a modificatidn is
used, this ghould be mentioned in the test report. In all cases, care is needed to ensure-that the tapping
machine d¢es not topple over during operation and cause damage or injury.

It might sometimes be difficult to place the tapping machine on narrow steps. A special support df{ice

The impact sound pressure level from a landing is usually measured in an adjoining room in which|the
1 is expected. If the floor in an adjoining room in the same storeyas-the landing consistp of,
, boards on joists on a concrete slab, the impact sound pressureimay be at its highest level in
aroom in the storey below the landing, because the wooden floor reduces(the sound radiation from|the
concrete slab into the upper room.

If the flights are not fixed to the walls of a staircase, the impact.sound pressure level from the flights
should be measured in the same room as used for the measurement from the landings. If the flight is
fixed to the wall, the receiving room used for measurementg;from the flight should be chosen as|the
room closest to the attachment points.

The guidelines stated above are also applicable for;iheasurements on internal stairs (e.g. in a two-
storey apaftment).

D.6 Airhorne sound contribution from the tapping machine

The airborpe sound contribution from the tapping machine may be evaluated in the following way:

Determine|the sound pressure levél difference between source and receiving room by means of a pink
noise signdl from a loudspeakerplaced in the source room, Lp spk.

Measure the sound pressure-level in the source room from the tapping machine, Ls tm.
Measure the sound pressure level in the receiving room from the tapping machine, LR tm.

If the diffgrence, bgwm - Lp,spk, is 10 dB or more below Lgrm at any frequency band of interest,|the
influence df the @irborne sound from the tapping machine may be regarded as negligible.
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